ABSTRACT. 1. Visnagin relaxed aortae previously contracted by noradrenaline. This effect was unalterated by endothelium removal and potentiated, at high concentrations, by the previous incubation with sodium nitroprusside.
INTRODUCTION
relaxation effects induced by agents which stimulated the synthesis of adenosine 3Ј:5Ј-cyclic monophosphate (cAMP) (isoprenaline and Visnagin (4-methoxy-7-methyl-5H-furo [3,2-g] [1]-benzopyran-5-one) forskolin) or guanosine 3Ј:5Ј-cyclic monophosphate (cGMP) (sois an active principle extracted from the fruits of Ammi visnaga dium nitroprusside). (Charlier, 1971; Smith et al., 1952) . The fruit or its isolated active components have been used for the treatment of angina pectoris due to their peripheral and coronary vasodilator activity (Anrep et al., MATERIALS AND METHODS 1946 , 1949 Charlier, 1971; Weiss, 1985) . In isolated aorta, vis-Experimental procedure nagin, and other related active principles present in these fruits such Aortae from Wistar rats (either sex, 250-300 g) were rapidly disas visnadin and khellin inhibited vascular smooth muscle contracsected and mounted for isometric tension recording in a modified tility (VSMC), probably by acting at multiple sites to decrease the physiological saline solution (PSS) of the following composition availability of Ca 2ϩ required for activation (Ubeda et al., 1991; Rau-(mm) : NaCl 118, KCl 4.75, NaHCO 3 , 25, MgSO 4 1.2, CaCl 2 2. 0, wald et al., 1994; Duarte et al., 1995 Duarte et al., , 1997 .
KH 2 PO 4 1.2 and glucose 11. Aortic rings were mounted under a tenIt has been described that, at low concentrations, visnagin appears sion of 1 g using two parallel L-shaped stainless-steel holders into inhibit only the contractions mediated by Ca 2ϩ entry through serted into the lumen. Contractile responses were recorded isometripathways with low sensitivity to classical Ca 2ϩ -entry blockers (i.e., cally by a force-displacement transducer (Letigraph 2000, Letica) agonist-, PMA-or mild depolarization-induced Ca 2ϩ entry), although connected to a Letica polygraph as previously described (Duarte et at higher concentrations (Ͼ5ϫ10 Ϫ5 M) it causes nonspecific inhibial., 1992, 1995, 1997) . The tissue bath was maintained at 37ЊC and tion of vascular smooth muscle contractility (Duarte et al., 1995) .
bubbled with 95% O 2 -5% CO 2 gas mixture. This vasorelaxant profile of visnagin is quite similar to that of some After an equilibration period of 90 min, the vessels were conphosphodiesterase (PDE) inhibitors (Tejerina et al., 1988; Obia- tracted with phenylephrine (10 Ϫ6 M) to test their contractile capacnime and Dale, 1989) . In fact, the structurally related compound ity. In some experiments, the endothelium was removed by gently khellin increased cAMP levels in rat aorta (Ubeda and Villar, 1989) .
rubbing the intimal surface. The presence of functional endotheThe aim of the present work was to study the inhibitory effects of visnagin on vascular smooth muscle PDEs and the possible role of lium was assessed in all preparations by determining the ability of PDE inhibition on the vasodilatory effects of this drug. For that pur-acetylcholine (10 Ϫ6 M) to induce more than 50% relaxation of rings pose, we have investigated the efects of visnagin on the activity of the precontracted with phenylephrine (10 Ϫ6 M). cytosolic molecular forms of PDE isolated from vascular smooth muscle
The following experiments were performed: (1) Aortic rings with (PDE1, PDE3, PDE4, and PDE5) and endothelials cells (PDE2). We and without functional endothelium were precontracted to the have also investigated, as previously reported with some PDE inhibitors same tension (i.e. 80% of maximal response obtained in vessels with (Lorenz and Wells, 1983; Schoeffter et al., 1987; Komas et al., 1991 Du-functional endothelium) with noradrenaline 3ϫ10 Ϫ7 M or 10 Ϫ7 M, arte et al., 1992; Marukawa et al., 1994) , if visnagin increased vaso-respectively. When the contraction reached a steady state, increasing concentrations of visnagin (10 Ϫ6 M-10 Ϫ4 M) were added cumulatively at 15 min intervals. (2) Aortic rings with functional endo-contractile response was stable, visnagin was added in progressively increasing cumulative concentrations. In another set of experiments, the same protocols were repeated in the presence of either isoprenaline (10 Ϫ7 M) or sodium nitroprusside (5ϫ10 Ϫ9 M), added 20 min before the cumulative addition of visnagin. Relaxation was expressed as a percentage of the precontraction before the concentration-response curve to visnagin. (3) In another protocol, the effects of visnagin (5ϫ10 Ϫ6 M) were studied on the relaxant effects of either forskolin (10 Ϫ9 M-10 Ϫ5 M) or sodium nitroprusside (10 Ϫ9 M-10 Ϫ5 M) in aortic rings precontracted with 10 Ϫ5 M noradrenaline. These experiments were repeated in the absence and in the presence of visnagin added 15 min before the construction of concentration-response curves to these agents.
Phosphodiesterase inhibition
Cytosolic cyclic nucleotide phosphodiesterase isoforms (PDE1, PDE3, PDE4, and PDE5) were isolated from the media layer of bo-FIGURE 1. Effects of visnagin on the contractile response invine aorta by a modification of the methods of Lugnier et al. (1986) . duced by noradrenaline 10 Ϫ5 M in the absence (᭺) and in the Cytosolic PDE2 was isolated from cultured bovine aortic endothe-presence of isoprenaline (10 Ϫ7 M, ᮀ) or sodium nitroprusside lial cells as previously described (Lugnier and Schini, 1990 Ϫ7 M or 10 Ϫ7 M, to the bathing meCaCl 2 and 18 nM calmodulin instead of 1 mM EGTA). PDE2 was dia induced a precontraction of 637.2Ϯ28.1 mg (nϭ6) and 633.1Ϯ assayed using [
3 H]-cAMP as substrate either in the activated state 70.7 mg (nϭ6) in intact and endothelium denuded aortic rings, re-(with 5 M cGMP) or in the basal state (in absence of cGMP). To spectively. In rings with intact endothelium, visnagin (10 Ϫ6 M-10 Ϫ4 prevent the influence of cross-contamination between PDE3 and M) induced a concentration-dependent relaxation of aortae con-PDE4, the studies performed with these isoforms were always carried tracted by noradrenaline (IC 50 ϭ2.2Ϯ0.4ϫ10 Ϫ5 M). The relaxant out in the presence of 50 M rolipram or 100 M cGMP, respec-effects in the absence of functional endothelium were not signifitively. The results are expressed as percentage of inhibition of sub-cantly different (IC 50 ϭ1.8Ϯ0.4ϫ10 Ϫ5 M, PϾ0.05) from those obstrate hydrolysis induced by different concentrations of visnagin served in rings with intact endothelium. (10 Ϫ6 M-10 Ϫ4 M). In rings with intact endothelium, addition of 10 Ϫ5 M noradrenaline induced a stable contraction averaging 793.3Ϯ62.9 mg (nϭ18). Under these conditions, cumulative increases in the concentration Drugs of visnagin (10 Ϫ6 M-10 Ϫ4 M) resulted in a concentration-depenThe following drugs were used: visnagin (Aldrich Quimica, Madrid), dent relaxation (Fig. 1) Figure 1 shows that sodium nitroprusside potentiThe final DMSO concentrations did not significantly affect the re-ated (PϽ0.05) the relaxant effects induced by high concentrations sults. Ascorbic acid (10 Ϫ4 M) was added to each solution of nor-of visnagin (Ͼ5ϫ10 Ϫ5 M). adrenaline and isoprenaline, made fresh every day.
In another set of experiments the effects of visnagin were studied on the relaxant effects of both forskolin (10 Ϫ9 M-3ϫ10 Ϫ6 M) and sodium nitroprusside (10 Ϫ9 M-3ϫ10 Ϫ6 M) in aortic rings precon-
Statistics
tracted with 10 Ϫ5 M noradrenaline. Visnagin, 5ϫ10 Ϫ6 M, produced Throughout the paper values are expressed as meanϮSEM and a slight relaxation (8.7Ϯ1.7%, nϭ16) but did not modify either the statistical analysis was performed with an ANOVA followed by a relaxant effects of forskolin (IC 50 ϭ1.3Ϯ0.3ϫ10 Ϫ7 M and 0.9Ϯ Student's t-test (PϽ0.05 was considered significant). Concentra-0.2ϫ10 Ϫ7 M, PϽ0.05, nϭ7, in the presence and absence of vistion-response curves were analyzed to give the concentration of nagin, respectively; Fig. 2A 
Inhibition of bovine aorta
contractions that indicates visnagin has no effect on cyclic nucleotides degradation. In addition, the relaxant responses to visnagin cyclic nucleotide phosphodiesterase enzymes were not potentiated by pretreatment with isoprenaline, although As shown in Figure 3 , visnagin (10 Ϫ6 M-2ϫ10 Ϫ4 M) produced a incubation with sodium nitroprusside potentiated the relaxant efweak and relatively nonselective inhibition of the different isoforms fects induced by a high concentration of visnagin. These results sugof PDEs. In fact, at 10 Ϫ4 M, visnagin inhibited less than 50% of the hydrolytic activity of the five PDEs analyzed. However, it should be noticed that cGMP activated PDE2 was more sensitive (about 10/ fold) to visnagin than nonactivated PDE2. Therefore, the order of PDE4уcGMP activated PDE2ϾPDE3 activity of 10 Ϫ4 M visnagin to inhibit PDE was PDE5уPDE1Ͼnonactivated PDE2.
DISCUSSION
It is widely accepted that an elevation in cellular cyclic nucleotides induces vascular smooth muscle relaxation (Bär, 1974; Murad, 1986; Schoeffter et al., 1987; Lincoln and Cornwell, 1991) . The cellular accumulation of cAMP and cGMP depends upon the rate of their synthesis and their breakdown. The latter is achieved by cyclic nucleotide PDEs that have been classified into seven families (Beavo et al., 1994) . Four types of cyclic nucleotide PDEs have been isolated in vascular smooth muscle cells: PDE1 and PDE5, which selectively hydrolyze cGMP, and PDE3 and PDE4, with exhibited higher affinity for cAMP (Lugnier et al., 1986; Komas; et al., 1991) . In addition, PDE2 has been identified in endothelial cells (Lugnier and Schini, 1990) . In the present paper, we demonstrate that visnagin is a nonselective inhibitor of all five PDEs. Although, the concentrations of visnagin relaxing aortae contracted by noradrenaline (3.3Ϯ0.4ϫ10 Ϫ5 M) were lower than those required to inhibit PDE isoforms (IC 50 Ͼ10 Ϫ4 M). To study if these inhibitory effects of visnagin on cyclic nucleotide PDEs are involved in its vasodilatory effects, two experimental protocols of functional studies were performed. According to Lorenz 
